Three flavans, daphnodorin A (1), daphnodorin B (2) and daphnodorin C (3), isolated from the root and the bark of Daphne odora THUNB., showed antifungal and insecticidal activities. Of these compounds, 1 and 3 showed rather strong antifungal aetivities against Pyricularia oryzae. The protective values (%) of 1 and 3 were 58 and 40 at the low concentration of 10 ppm, respectively. On the other hand, compound 2 exhibited weak insecticidal activity against Spodoptera litura, Callosobruchus chinensis and Tetranychus urticae. The insecticidal activities of 1 and 3 were weaker than that of 2.
We recently isolated three new flavans, daphnodorin A (1), daphnodorin B (2) and daphnodorin C (3), together with four known coumarins, daphnetin, daphnoretin, umbelliferone and daphneticin, from the root and bark of Daphne odora THUNB.1) It had already been reported that diterpenes and their esters from this plant show several biological activities including nematicidal activity. 2) As compounds 1-3 have unique structures, we have examined their biological activities. In this paper, we report their antifungal and insecticidal activities. 
Chemicals
Daphnodorin A (1), daphnodorin B (2) and daphnodorin C (3) were used. These compounds have already been isolated from the root and bark of Daphne odora THUNB. by the authors.1) Organisms The plant pathogenic fungi used were as follows: Pyricularia oryzae, Rhizoctonia solani, Phytophora infestans, Botrytis cinerea, Puccinia recondita and Erysiphe graminis. The host plants were Oriza sativa L, Lycopersicon esculentum MILL, Pisum sativum L. var. arvense FOIL. and Triticum aestivum L. The insects used were as follows: Spodoptera litura FABRICIUS (3rd instar larvae), Nilaparvata lugens STAL (3rd instar larvae) Callosobruchus chinensis L. (adult) and Tetranychus urticae KOCH (adult and egg).
Vol. 35 (1987) Biological Activity Test 1) The First Antifungal Screening Test: Suspensions of spores and mycelia of each of the plant pathogenic fungi were inoculated onto leaves of the corresponding host plants spread with chemicals. The treated leaves were incubated for 5 d in a hothouse. The numbers of fungi that grew on the leaves were counted with the naked eye. The protective value (%) was determined from the numbers of fungi in the treated and control groups. Any sample with a protective value above 90% was further examined in secondary screening tests.
2) The Second Antifungal Screening Test on P. oryzae: i) The protective effect: the tests were carried out at low concentrations of 10, 50 and 200 ppm, respectively, by the same method as used for the first screening test, and ii) the residual effect (%) on leaves: after 3 d of chemical treatment, leaves of rice plant (Oriza sativa) were inoculated with suspensions of spores of P. oryzae. The treated leaves were incubated for 5 d in a hothouse. The numbers of fungi that grew on the leaves were counted with the naked eye.
3) Insecticidal Activity Tests: i) Leaf and stem dipping: for S. litura, toxicity was examined by releasing the larva onto leaves treated with the chemicals. Leaves of cabbage plants were dipped for 5s into an aqueous solution of a test chemical, then dried in air, and fed to the larva in Petri dishes. For N. lugens, the toxicity of chemicals applied to the stem of rice plant (Oriza sativa) was examined. The stems were dipped for 5 s into a test solution, then dried in air, and placed in test tubes into which the insects were released. For T. urticae, the toxicity of chemicals applied to the leaves of Ingenmame (Phaseolus vulgaris L.) was examined. The leaves were dipped for 5s into the test solutions, then dried in air, and placed in Petri dishes into which insects bearing eggs were released. ii) Spraying method: test solutions were sprayed onto C. clinensis with a sprayer. Both bait, adzuki beans (Phaseolus angularis) and water were available to the insects. The insect mortalities in all experiments were counted for 5 d after the insect release. The experimental size was 50 insects/group and 2 groups/chemical. Temperature Every experiment was carried out at 25-27 °C.
Results
Antifungal Activities of Daphnodorins A (1), B (2) and C (3) on Plant-Pathogenic Fungi The antifungal activities of compounds 1, 2 and 3 on plant pathogenic fungi were examined. The results are summarized in Tables I and II. In the first antifungal screening test, compounds 1 and 3 showed rather strong antifungal activities against Pyricularia oryzae; the protective values (%) of 1 and 3 were 95 and 90, respectively, at the concentration of 500 ppm. On the other hand, the antifungal activity of 2 on P. oryzae was weaker than those of 1 and 3. Compounds 1-3 did not show antifungal activities against plant-pathogenic fungi other than P. oryzae. Because compounds 1 and 3 showed protective values above 90%, both compounds were further examined in the second antifungal screening test.
In the second antifungal screening test, compounds 1 and 3 showed protective values (%) of 58 and 40, respectively, against P. oryzae even at the low concentration of 10 ppm. Further, compounds 1 and 3 showed residual effects (%) of 48 and 40, respectively, on leaves at the concentration of 500 ppm. 
Insecticidal Activities of Daphnodorins A (1), B (2) and C (3) on Various Noxious Insects
The insecticidal activities of compounds 1, 2 and 3 on various noxious insects were examined. The results are summarized in Table III . Though these compounds (1-3) had no remarkable insecticidal effects, compound 2 showed weak insecticidal activities against three species of insects, Spodoptera litura, Callosobruchus chinensis and Tetranychus urticae. The insecticidal activities of 1 and 3 were weaker than those of 2.
Discussion
It was found that three flavans, daphnodorins A (1), B (2) and C (3), isolated from the root and bark of Daphne odora THUNB., showed antifungal and insecticidal activities.
First, compounds 1 3 showed rather strong antifungal activities against Pyricularia oryzae (Table I) . However, these compounds did not show antifungal activities against other plant-pathogenic fungi examined. The specific antifungal activities of these compounds (1-3) on P. oryzae are interesting; although various antibiotics such as kasugamycin,3) blasticidin S,4) antimycie and polyoxins6) have been found to inhibit the growth of P. oryzae, there is no report about constituents of plants which have antifungal activity against this fungus. The relatively strong antifungal activities of these compounds (1-3) are noteworthy since the source plant is used in traditional medicine as a crude drug. Compounds 1 and 3 showed residual effects of 48 and 40%, respectively, on leaves at the concentration of 500 ppm ( Table  II) . Considering that few low-toxicity antifungal substances acting on P. oryzae have been discovered as yet, it would be worthwhile to carry out chemical modification studies of compounds 1-3 with the aim of enhancing the antifungal and residual effects. Compound 2 also showed weak insecticidal activity against three species of insects (Table III) . As mentioned above, four daphnane-type diterpene esters having nematicidal and other biologi- cal activities2) have already been isolated from this plant. We have also found that these compounds (1-3) have weak inhibitory effects against C. elegans (data not shown).
